This study was designed to evaluate the thyroid and pituitary hormone levels in post-weaning rats whose dams were fed a low-protein diet during suckling (21 days). The dams and pups were divided into 2 groups: a control group fed a diet containing 22% protein that supplies the necessary amount of protein for the rat and is the usual content of protein in most commercial rat chow, and a diet group fed a lowprotein (8%) diet in which the protein was substituted by an isocaloric amount of starch. After weaning all dams and pups received the 22% protein diet. Two hours before sacrifice of pups aged 21, 30 and 60 days, a tracer dose (0.6 µCi) of 125 I was injected (ip) into each animal. Blood and thyroid glands of pups were collected for the determination of serum T 4 , T 3 and TSH and radioiodine uptake. Low protein diet caused a slight decrease in radioiodine uptake at 21 days, and a significant decrease in T 3 levels (128 ± 14 vs 74 ± 9 ng/dl, P<0.05), while T 4 levels did not change and TSH was increased slightly. At 30 days, T 3 and TSH did not change while there was a significant increase in both T 4 levels (4.8 ± 0.3 vs 6.1 ± 0.2 µg/dl, P<0.05) and in radioiodine uptake levels (0.34 ± 0.02 vs 0.50 ± 0.03%/mg thyroid, P<0.05). At 60 days serum T 3 , T 4 and TSH levels were normal, but radioiodine uptake was still significantly increased (0.33 ± 0.02 vs 0.41 ± 0.03%/mg thyroid, P<0.05). Thus, it seems that protein malnutrition of the dams during suckling causes hypothyroidism in the pups at 21 days that has a compensatory mechanism increasing thyroid function after refeeding with a 22% protein diet. The radioiodine uptake still remained altered at 60 days, when all the hormonal serum levels returned to the normal values, suggesting a permanent change in the thyroid function.
Several changes in thyroid economy are detected in food-restricted animals. Thyroid hormone secretion (1) and metabolism (2, 3) , as well as thyroid regulation by hypothalamic and pituitary hormones (4, 5) are impaired in this situation. Similar changes were reported for protein-deprived adult humans (6, 7) and animals (8, 9) .
Protein restriction causes changes in milk composition and volume of the lactating dams (10, 11) . However, few studies have evaluated the effects of food restriction or protein malnutrition on the dams or on the thyroid function of fetuses or newborns and most of them encompassed both the gestation and lactation periods.
During gestation, protein malnutrition causes a delay in thyroid follicle formation and a reduction in gland area, follicle number, colloid space and cell size in the thyroid tissue of fetal and neonatal pups from protein-deprived dams (12) . A decrease in T 3 level with normal serum T 4 and thyroid stimulating hormone (TSH) levels was shown in the fetuses or newborns from protein-deprived lactating dams (13, 14) . Oberkotter and Rasmussen (15) reported that the offspring of chronically food-restricted dams showed a decrease in serum T 3 and an increase in serum reverse T 3 (rT 3 , an inactive metabolite of T 4 ) levels in 7-, 14-or 21-day old animals and a decrease in T 4 only in the 14-day old animals.
To our knowledge, no study was performed to evaluate the effect of protein malnutrition during lactation on the thyroid function of the offspring. Therefore, we investigate here, for the first time, the importance of an adequate protein supply during suckling for the establishment of normal regulatory function of the hypothalamic-pituitarythyroid axis.
Wistar rats bred in our laboratory in a room with controlled temperature and an artificial dark-light cycle (lights on from 7:00 to 19:00 h) were used throughout the study. Virgin female rats, 3 months of age, were caged with one male rat at a proportion of 2:1. After mating, each female was placed in an individual cage with water and food ad libitum until delivery. Each dam was kept with only 6 pups, because it was previously demonstrated that this procedure produces maximum lactation performance (11) . The dams were randomly divided into 2 groups: a control group (C) that received a standard laboratory diet containing (in grams per 100 g) 22 protein, 65 carbohydrate, 5 lipid and 5 cellulose, and a protein-deprived group (D) receiving an isocaloric and protein-restricted diet (8% protein) that was replaced by starch in the same amount of calories as the protein deprivation; all other components of the diet including vitamins and salts were equal to those in the control diet (16) . Malnutrition was established on the day of birth and maintained throughout the lactation period (21 days). After weaning all dams and pups received the control diet until sacrifice.
Approximately 150 pups, 21, 30 or 60 days old, were evaluated. At these times, all animals received 0.6 µCi of 125 I ip, and 2 h later they were killed with a lethal dose of ether (1) . Blood samples were taken by cardiac puncture and centrifuged and the serum was separated individually for all groups, except for the 21-day old pups whose sera were pooled (pool of 6 animals). Total serum T 4 and T 3 levels were measured by radioimmunoassay (RIA) using commercial kits (Coat-A-Coat, DPC, Los Angeles, USA), in which we used control standard curves diluted in iodothyronine-free rat serum. The assays were validated since the values for these controls were almost superimposed on the kit standard curve. Serum TSH was measured by RIA using a specific rat TSH kit supplied by the NIDDK (Bethesda, USA, rp-3). Thyroid glands were excised and weighed and thyroidal 125 I uptake was individually determined with a gammacounter (Cobra Auto-gamma, Packard Instrument Co., Downers Grove, USA). The data are reported as mean ± SEM. Statistical comparisons were performed by the Student t-test, with the level of significance set at P<0.05.
The pups from protein-deprived dams presented a significantly (P<0.05) lower body weight on all days studied (C 21 = 37.2 ± 0.1 vs D 21 = 13.5 ± 0.1; C 30 = 69.8 ± 1.0 vs D 30 = 32.4 ± 0.8; C 60 = 166.9 ± 3.5 vs D 60 = 130.4 ± 2.2 g). After weaning and feeding a control diet, the D pups showed a higher weight gain rate, which reduced the difference in weight between the two groups (64%, 54% and 22%, percentage of control at 21, 30 and 60 days, respectively). We also found a significant (P<0.05) reduction in thyroid weight of D pups (C 21 = 3. (14) that the thyroid glands of the fetuses from protein-deprived rats showed a smaller weight, but they did not observe changes in the thyroid weight/body weight ratio. Thus, it seems that after birth compensatory mechanisms are more efficient than during the fetal period.
Protein deprivation of the dams caused a slight decrease in the 125 I thyroid uptake at 21 days, and a significant (P<0.05) increase at 30 and 60 days (Figure 1 ) in the pups. Total serum T 4 levels (Figure 2, panel B) showed a rather similar pattern, i.e., they were slightly decreased (11%) at the 21st day, significantly increased (21%) at the 30th day, corresponding to nine days of control diet, and normal at the 60th day of life. These data may explain, at least in part, our findings of a significant decrease of approximately 42% in serum T 3 at 21 days ( Figure 2,  panel A) . The animals showed a fast recovery in serum T 3 levels, with not statistically significant high levels in the diet group 9 days after the introduction of the control diet. Serum TSH levels only increased (37%) in 21 day-old pups but this difference was not statistically significant ( Figure 2 , panel C).
Our findings are the first to indicate that feeding dams a low-protein diet only during the lactation period causes changes in the thyroid function of the offspring. Similar results were reported by others (13, 14) , who induced protein malnutrition in rats during the gestational period and reported low serum T 3 with normal serum T 4 and TSH concentrations in fetuses and newborns. They are also consistent with the results of Oberkotter and Rasmussen (15) who evaluated the effect of food restriction in dams Figure 1 -125 I uptake by the thyroid of 21, 30 and 60-day old rats whose dams were fed a lowprotein diet (8%) during their suckling period. Data are reported as percent of the total radioiodine administered per mg of thyroid tissue (mean ± SEM). The number of thyroids is given in parentheses inside the bars. Dams were fed a control ( ) or low-protein diet ( ) during suckling. *P<0.05 compared to the control group whose dams were fed a standard control diet (22%) (Student t-test). 4 and TSH levels of 21, 30 and 60-day old rats whose dams were fed a low-protein diet (8%) during their suckling period. Data are reported as ng/dl for T 3 (panel A), µg/dl for T 4 (panel B) and ng/ ml for TSH (panel C) and are reported as mean ± SEM. The number in parentheses inside the bars corresponds to the number of animals, except for the 21-day old groups in which this number corresponds to the number of pools of serum from 6 animals. Dams were fed a control ( ) or low-protein ( ) diet during suckling. *P<0.05 compared to the control group whose dams were fed a standard control diet (22%) (Student t-test). that were submitted to a low-calorie diet after they were 42 days old throughout the nursing period. Despite the longer period of food restriction, their data about serum T 3 and T 4 levels are similar to ours, showing that the lactation period was critical in deter-* * mining these changes on the thyroid function. The present data show that protein malnutrition during suckling changes thyroid function in the pups, and in the 21-day old animals these changes suggest primary hypothyroidism, since thyrotropin did respond to the low T 3 levels. Also, despite the increase of TSH at this time, 125 I uptake by the thyroid did not increase, but was slightly decreased.
The fast recovery of thyroid function only nine days after feeding a control diet was remarkable. At this time, the animals from group D showed a compensatory increase in 125 I thyroid uptake and serum T 4 levels, and a slight increase in T 3 . However, these changes did not affect TSH. Except for radioiodine uptake, all parameters studied returned to normal values after 39 days of normal diet. It is possible that protein malnutrition in the nursing mothers causes permanent changes in the thyroid function of their offspring, since radioiodine uptake continued to be high in these animals even 39 days post-weaning.
Food restriction does impair T 4 to T 3 conversion by decreasing 5´-monodeiodinase activity (3), which could explain the low levels of T 3 in 21-day old rats. Kliewer and Rasmussen showed (17) that food restriction increased corticosterone levels in the milk and, since corticosterone decreases 5'-monodeiodinase, it may act as one of the mediators of the impairment of T 4 to T 3 conversion in this particular situation. The slight decrease in total serum T 4 may be due to a lower thyroidal secretory rate or lower levels of serum-binding proteins in the rat, since recently Rouaze-Romet et al. (8) showed that the levels of thyroxine-binding globulin and the serum thyroid hormonebinding activity increased in rats submitted to a protein-restricted diet, despite the decrease in transthyretin, the main thyronine transporter protein in rat plasma. Since the metabolic rate of T 4 can also be decreased by relative hypothyroidism and by a decrease in the deiodinative pathway of T 4 , despite the compensatory increase of rT 3 formation, this may be counteracting a possible decrease in thyroid T 4 secretion, explaining why total serum T 4 did not decrease significantly.
Independent of the nutritional status of the offspring nursed by protein-deprived mothers, the modifications in the milk composition of protein-deprived mothers cause changes in thyroid function that are not completely reversed till the animals reach the age of 60 days.
